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SUMMARY 
Falls of ground are the single greatest hazard faced in an underground coal mining environment 
and with the industry continually driving to improve safety, any enhancement in ground control 
understanding is valuable. Chain pillar cut throughs have been observed to enhance overburden 
weighting effects. This is likely as a result of the gap in support from the chain pillar as the cut 
through is limited to localised ground support. While the impact of longwall alignment with cut 
throughs has been discussed, it is yet to be quantified 
This research aimed to determine if there is a quantitative impact from longwall alignment with 
cut throughs on weighting events and longwall stability as indicated by shield pressure and 
shield closure rates. The analysis involved the use of hydraulic shields sensor data in Longwall 
Visual Analysis (LVA) software to analyse Time Weighted Average Pressure (TWAP) and 
convergence data inbye and outbye of the cut through location. The data set consisted of 65 cut 
throughs on the tailgate side of three Longwall Top Coal Caving (LTCC) panels. The analysis 
involved an assessment of the impact of cut through location on TWAP, convergence and 
weighting event location. Following this, an investigation into key geological features 
influencing longwall stability was conducted.   
The results showed that there is no correlation between cut through location and increased 
TWAP or convergence at the mine site. Increases in TWAP were found to be most dependent 
on the caving of massive strata at the site which occurred at regular intervals along the panel. 
An accidental finding of the study was that there is an increase in TWAP at the cut through 
location at 40 m across the panel from the tailgate side. This is very likely a result of side 
abutment loading from the adjacent goaf.   
Increases in convergence were noted as being typically linked to increased zones of TWAP. 
However, it was also observed that there were conditions under which high convergence was 
recorded that corresponded to low pressure areas. This was likely as a result of shields being 
unable to support overburden loading and thus yielding.  Furthermore, it was found that while 
there are weighting events that correlate with cut through location this is likely a result of the 
typical weighting interval coinciding with a cut through location.  
Geological features were found to have likely increased the overall stress distributions on 
Longwall 8 due to the presence of a dyke through the panel. The other panels had no major 
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geological structure and so longwall stability was more dependent on periodic weighting effects 
and longwall operational factors.  
The analysis highlighted no consistent impact from cut throughs on longwall stability. It is 
thought that this is very likely due to the influence of chain pillars in combination with roadway 
support measures and the absence of caving on the 18 m adjacent to the tailgate. Furthermore, 
mine design factors such as the staggering of the maingate and tailgate cut throughs may have 
reduced potential cut through impact.  
The concluding statement of the analysis was that at the mine site there is no correlation 
between longwall alignment with cut throughs and weighting events. It was found that periodic 
weighting events are more influential on longwall stability than cut through location. Cut 
throughs may coincide with weighting event location however this is due to a typical weighting 
interval not the cut through presence itself. Furthermore, there is a side abutment load at 40 m 
from the tailgate side of the panel. Finally, it is likely that chain pillar influence in combination 
with roadway support and the absence of LTCC on the tailgate side reduces cut through 
influence.  
Key recommendations arising from the study include firstly the compilation of data from 
multiple sites to confirm the observed lack of influence of cut throughs on longwall stability. 
Secondly, analysing data from a conventional longwall operation should be conducted as it has 
been noted that there is reduced weighting in typical caving environments compared to LTCC 
and so cut through influence may be more prevalent. Finally, a numerical modelling assessment 
should be done in conjunction with shield monitoring data and roof extensometer data to 
determine the influence of weighting events on the cut through roadway itself.  
The findings of this research are applicable to the mine site itself and other mines with similar 
weighting and geological environments. The findings will improve mine safety standards as 
they will allow geotechnical engineers to focus attention on the most critical ground control 
mechanisms with the understanding that cut through location alone will not cause longwall 
stability issues.  
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1. INTRODUCTION 
1.1 BACKGROUND 
This research is to be undertaken at The University of Queensland using data obtained from an 
operating mine in the Bowen Basin. This mine currently operates a Longwall Top Coal Caving 
(LTCC) system with real time monitoring to measure data obtained from the hydraulic shields. 
Three panels will be analysed at the mine, they will be identified as Longwall 8, Longwall 9 
and Longwall 10 with Longwall 10 being mined at the time of this report. Data from these 
panels will be used to determine if there is a quantitative correlation between longwall 
alignment with cut throughs and weighting events and potential longwall stability issues.  
 
With falls of ground being the single greatest hazard faced in an underground coal mining 
environment (Mark and Molinda, 2003) any additional information that can provide 
improvements to ground stability is invaluable. In addition to the safety hazards, falls of ground 
also put a mine’s productivity at risk. It is essential to understand factors that may encourage 
instabilities in the mining environment in order to predict and control high risk situations. While 
the effect of longwall alignment with cut throughs has been widely theorised as an occurrence 
it is yet to be quantified and as such cannot be accurately predicted.  
1.2 PROBLEM DEFINITION 
This research project involves the use of hydraulic shield data to determine if longwall 
alignment with cut throughs increases the likelihood of weighting events in the region of tailgate 
shields. Frith, Thomas and Hill (2000) noted that there is a positive linking of chain pillar cut 
throughs with surges in overburden weighting effects during a study into the effects of massive 
strata conditions on longwall optimisation. However, until now, no quantitative investigation 
of the impact of longwall alignment with cut throughs on weighting events has been found. 
1.3 AIMS AND OBJECTIVES 
The overall aim of the research project is to determine if there is any quantitative correlation 
between the longwall’s alignment with cut throughs and weighting events. 
In order to achieve the aim, the following objectives will be completed: 
- An investigation into local geology to determine characteristic ground conditions, 
principal stress orientations and the effects of lithology on ground stability; 
- An assessment of hydraulic shield leg data on the past three LTCC panels, including: 
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o A correlation of increased shield leg pressure with chainage to determine 
locations of weighting events; and 
o An analysis of convergence and loading rate data as the longwall retreats 
towards the cut through location. 
- An assessment of weighting event location to compare against cut through location to 
determine if a correlation exists;   
- An investigation into geological structures present on the longwall panels that may 
present apparent weighting results; and  
- Determining if a correlation exists between cut through location and weighting event 
location.  
1.4 EXPECTED OUTCOMES 
The ultimate outcome of this project will be to confirm a quantitative correlation between the 
longwall’s alignment with cut throughs and weighting events. The significance of ground 
conditions such as lithology, geological structures and field stresses will also be recorded to 
assess their impact in this circumstance.  If the research project finds that longwall alignment 
with cut throughs does cause localised weighting events and thus decrease longwall stability, 
further assessment will determine the magnitude of stress change between these regions and 
standard retreat. The findings will then be used to calculate the change in stress conditions when 
the longwall is aligned with chain pillars and when it is aligned with cut throughs. 
Recommendations will be made in regards to ground control methodology including support 
and reinforcement standards as well as safety procedures.  
1.5 SCOPE 
In order to successfully complete the research project a scope must be defined to set the bounds 
of the project. The scope of the research problem will include assessments of: 
- The local lithology and geological structures; 
- The regional tectonic principal stresses and their orientations; 
- Real time hydraulic shield monitoring data; 
- The dynamic change in weighting as the longwall retreat towards a cut through.  
 
Anything that is not addressed above is assumed to be out of scope, such as: 
- Numerical modelling of longwall alignment with cut throughs; 
- The impact of the orientation of the cut through on longwall face stability; 
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- The impact of longwall alignment with cut throughs on the maingate side of the panel; 
and  
- The impact of longwall alignment with cut throughs on windblast and gas release.  
1.6 INDUSTRY RELEVANCE 
While the impact of longwall alignment with cut throughs on longwall stability has been 
theorised, it has not been quantified. Hence this research targets a knowledge gap that is relevant 
to all operating longwall mines. Through enhanced understanding of the impact of longwall 
alignment with cut throughs, there is the potential for gains in mine safety. Findings from the 
research project will provide an intertwined analysis of mine design with geotechnical 
engineering, which has the potential to result in benefits to safety, productivity, longwall 
stability and geotechnical monitoring strategy.  
 
Should a quantitative correlation be established, modifications to ground control methodologies 
and safety controls such as Trigger Action Response Plans (TARP) may be prompted. In 
addition to this, factors of mine design such as roadway positioning and pillar design may also 
need to be re-evaluated as well as current maintenance strategies in order to mitigate the effects 
of weighting events on production. The ability to predict oncoming weighting events and roof 
stability issues will provide cost savings through optimisation of mine operations and ensure 
the continued safety of coal mine workers. If a correlation is not found it will enable 
geotechnical engineers and coal mine workers to focus attention on more critical ground control 
mechanisms with the understanding that cut through presence will not cause longwall stability 
issues.  
1.7 METHODOLOGY 
In order to complete the research project, the methodology will take an analytical approach. 
The process involves analysing hydraulic shield data, and summarising results to identify 
weighting event locations. Correlations between cut through location and weighting event 
location as well as key geological features will be analysed and then recommendations 
presented for improvements and further actions.  
 
Specifically, the research involves using Longwall Visual Analysis (LVA) software to analyse 
data from three LTCC panels at the mine. The parameters of LVA that are of particular 
relevance to the project include shield pressure data and shield closure data to determine 
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overburden loading and convergence rates respectively. This information will be combined 
with weighting event location, local lithology and geological structure to assess any inter-
correlation between factors.  
 
As weighting occurs periodically with retreat, the dynamic change in stress and convergence 
rates of the shields will be analysed, in turn allowing extrapolated assessment of strata 
behaviour. This will highlight any increases in shield pressure coinciding with the longwall 
retreating toward the cut through and will aid in determining the impact of cut through presence 
on weighting events and longwall stability.  
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2. PROJECT SCHEDULE AND RISK MANAGEMENT 
In order to complete the project successfully a schedule was defined. This was then followed 
by a risk assessment where key project risks were identified and mitigating strategies were 
developed.  
2.1 PROJECT SCHEDULE  
The project was completed based on a clearly defined schedule. This was developed in order to 
ensure all deadlines would be adhered to and the project would be completed successfully. The 
project schedule and demonstrated adherence is shown in Table 1.  
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Table 1.  
Project Schedule 
Task Scheduled Finish Actual Finish 
Supervisor Consultation Fri 28/10/16 Fri 28/10/16 
Project Proposal Wed 23/03/16 Wed 23/03/16 
Annotated Bibliography Fri 22/04/16 Fri 22/04/16 
Project Progress Report Tue 24/05/16 Tue 24/05/16 
Data Analysis  Fri 26/08/16 Fri 26/08/16 
   Obtain Site Data Fri 1/07/16 Fri 1/07/16 
   Analysis of Shield Data Sat 1/09/16 Sat 1/09/16 
   Analysis of Weighting Event Location Wed 5/09/16 Wed 5/09/16 
   Analysis of Geological Conditions Sat 8/09/16 Sat 8/09/16 
Seminar Thu 22/09/16 Thu 22/09/16 
   Assessment of current Results Thu 15/09/16 Thu 15/09/16 
   Creation of Presentation Fri 16/09/16 Fri 16/09/16 
Thesis Report Submission  Mon 10/10/16 Mon 10/10/16 
   Literature Review Alterations Fri 23/09/16 Fri 23/09/16 
   Data Analysis Review Fri 30/09/16 Fri 30/09/16 
   Critical Analysis of Results Thu 6/10/16 Thu 6/10/16 
   Formatting and compilation of report Sun 9/10/16 Sun 9/10/16 
Conference Paper Fri 28/10/16 - 
Revision of Thesis Report Mon 7/11/16 - 
 
2.2 RISK ASSESSMENT 
A risk assessment was conducted to determine all potential hazards the project may face. These 
hazards were ranked to determine the level of risk associated. It was found that the greatest risk 
facing the project would be a loss of data due to hard drive malfunction. For this reason, back-
up procedures were put in place to act as a contingency should this risk eventuate. A risk matrix 
and risk assessment and management plan can be found in Figure 1 and Table 2 respectively.  
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Figure 1. Risk Matrix (Adapted from University of Sydney, 2016)  
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Table 2. 
 Project Risk Assessment 
Hazard Consequences  Likelihood  Rating  Control New Rating  
Loss of site 
contact (leave, 
redundancy 
etc.) 
L4 Possible High Make contact 
with more than 
one person at 
site, obtain 
multiple 
people’s 
contact details. 
Medium 
Data not able to 
be obtained 
from site 
L4 Unlikely Medium Keep in contact 
with site, give 
notice about 
what is 
required and 
when it is 
required. 
Low 
Loss of data 
(hard drive 
malfunction) 
L5 Possible Very High Back up data 
regularly to 
multiple drives 
and Dropbox. 
Medium 
Run out of time 
to analyse all 
data 
L4 Unlikely Medium Make a plan 
and prioritise 
essential tasks.   
Low 
Illness impacts 
deadlines 
L2 Possible Medium Take measures 
to maintain 
health such as 
diet and 
exercise and 
finish 
assignment 3 
days before 
deadline. 
Low 
Project does not 
produce any 
reliable results 
or conclusions 
L4 Possible High Complete 
analysis early 
to ensure 
sufficient time if 
results are 
inconclusive. If 
results are 
inconclusive, 
consider a 
modelling 
approach. 
Medium  
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3. LITERATURE REVIEW 
3.1 LONGWALL TOP COAL CAVING 
LTCC mining is utilised in thick seams in order to maximise the recovery of the deposit. The 
process involves a conventional longwall system with an additional caving function occurring 
behind the shields. There are retractable flippers on the back of the shields that allow for caving 
of the upper seam on to a rear armoured face conveyor (AFC) (Hebblewhite, 2015), as displayed 
in Figure 2. LTCC is generally considered more productive than conventional longwall as the 
system involves the same degree of mechanisation but with additional resource recovery due to 
caving under gravity (Alehossein and Poulsen, 2010).  Additional benefits of LTCC mining 
include a reduced face height and so a more stable longwall face; as well as increased 
production resulting in reduced operating costs (Moodie and Anderson, 2011). 
 
Figure 2. LTCC System (Moodie and Anderson, 2011) 
 
In a study by Alehossein and Poulsen (2010) it was noted that the major benefits of the LTCC 
system in terms of stress distribution include a reduced support load as a result of an increased 
caving horizon and reduced periodic weighting effects on the face compared to conventional 
longwall systems. Furthermore, it has been stated that there must be moderate strength coal in 
combination with sufficient front abutment stresses to ensure the coal ahead of the face will be 
pre-fractured to ensure efficient caving as shown in Figure 3. Similar to conventional longwall 
systems, it is vital that the overburden caves sufficiently during mining otherwise potentially 
severe geotechnical issues such as face instability, cavities, cantilevering of strata and roof 
guttering may occur (Khanal, Adhikary and Balusu, 2011). In the case of LTCC it is also vital 
that the degree of stress behind the face is such that there will also be adequate caving of the 
roof coal and as a result sufficient stress relief. 
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Figure 3. Stress distribution on LTCC Set-up (Alehossein and Poulsen, 2010) 
 
In a study by Khanal, Adhikary and Balusu (2011), it was found that abutment stress is a major 
factor influencing coal caveability. It was noted that the stronger and more massive the roof 
strata, the higher the abutment pressures will be. While this encourages caving of the coal seam 
it can also present face stability issues as a result of periodic weighting effects. Vertical stress 
effects were also noted as being higher at the immediate mining face than above the shields due 
to the load bearing capacity of the shields. This may also cause face instability however this 
stress distribution is the same in conventional longwall mining and is a feature of the method.  
3.2 LONGWALL STRESS AND DISPLACEMENT MONITORING 
Underground monitoring systems are vital in order to understand and predict ground conditions 
surrounding the face and in gateroads near the face. Monitoring systems will measure stress or 
strata displacement data. Major methods for monitoring underground longwall behaviour 
include roof movement extensometers, microseismic monitoring systems and real time pressure 
sensors on each longwall shield.   
 
Extensometers are used to measure displacement along a borehole axis and come in two types: 
single position extensometer and multi-point extensometer. These devices provide information 
in regards to strata behaviour with respect to separation of rock beds and formation of fractures 
(University of Wollongong, 2016). The extensometer (Clock-it) as shown in  Figure 4 has two 
anchors, one in the lower roof, at 2 m and one in the upper roof, at 10 m (SCT Operations, 
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2016). This configuration aids in geotechnical support design, identifying the movement 
horizon in the roof. The roof displacement in the upper and lower horizons can be read off the 
unit for regular updates on roof stability. Extensometers are positioned along gateroads and in 
intersections to provide ongoing monitoring of localised roof movement, roof stability and 
developing failure mechanisms. This allows for pre-emptive responses when required to ensure 
a safe working environment.   
 
Figure 4. Extensometer Unit (SCT Operations, 2016) 
 
In addition to extensometers, microseismic monitoring is becoming a more common method of 
ground monitoring. Microseismics is a passive method of recording small scale earthquakes by 
“listening” for seismic energy underground (ESG Solutions, 2016). Microseismic monitoring 
was conducted at the Austar Mine by Shen et al (2013). It was noted that the major advantages 
of this method were that it can reliably detect seismic events generated by rock fracturing near 
the longwall face. In addition, it can also provide the location, time, number and magnitude of 
seismic events. These factors can be used to identify the indicators of decreasing roof stability. 
Microseismic monitoring can also produce real time data which allows for a more detailed 
understanding of ground conditions. 
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While extensometers and microseismics measure displacement and energy generation 
conditions in the overburden strata respectively, shield monitoring systems provide pressure 
measurements for the conditions on the longwall face.  Hydraulic shield leg pressure monitoring 
systems are employed at most underground coal mines in Australia and provide the ability to 
understand, identify, respond and remediate the effects of weighting events and roof control 
issues (Trueman, 2013). Peng (1998) characterised the pressure changes of hydraulic shields 
within a mining cycle into the categories of increasing, steady and decreasing. The increasing 
state is representative of intense roof loading such as that experienced during a weighting event. 
Steady type is indicative of weak roof loading and the decreasing type indicates extremely weak 
roof loading which may suggest the presence of a cavity or a shield unable to set effectively to 
the roof. The representations of these states are shown in Figure 5. By assessing the rate of 
pressure increase, particularly during the first five to ten minutes after setting, an indication of 
the load intensity can be gauged.  
 
 
Figure 5. Shield Pressure Changes (Peng, 1998) 
 
Hoyer (2012) detailed that LVA software, a real time longwall monitoring system can be used 
in order to collect and present both hydraulic shield pressure data and shearer position 
information. There are three inclinometer sensors along the canopy which measure the changes 
in height of the shields as shown in Figure 6. Based on the data collected from the three 
inclinometer sensors as well as pressure transducers on the two hydraulic support legs, a number 
of parameters can be derived. These parameters have been described by Trueman (2013) in a 
study on improving roof control through incorporation of convergence data into load cycle 
analysis software such as LVA. These key parameters include: time weighted average pressure 
13 
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(TWAP), number of yield events per cycle, loading rates, set pressure, load cycle time, 
convergence during individual cycles and average closure rate.  
 
Figure 6. Hydraulic Support Leg Sensors 
3.3 WEIGHTING EVENTS 
There are two types of weighting mechanisms identified in longwall mining: consistent and 
periodic. Consistent weighting events present through small discrete cycles of convergence 
which are a result of the longwall caving process. During consistent weighting, conditions on 
the longwall do not change visibly with time unless there is a geological anomaly present (Frith 
and Stewart, 1993). Periodic weighting events are more intense and present as large fluctuations 
in convergence rates with observable face deterioration (STC Operations, 2014). In periodic 
weighting conditions high rates of convergence correlate to heavy loading conditions, with the 
degree of face spall the most useful indicator of the loading conditions on the longwall face 
(Frith and Stewart 1993).  
 
Periodic weighting has been linked to strata characteristics such as massive sandstone units. If 
these units are present above a longwall they will always result in periodic weighting of some 
kind (Frith and Stewart, 1993). Massive strata can create a cantilever effect as a result of the 
unit not fracturing as consistently as a weaker, more jointed unit does. This effect is displayed 
in Figure 7. Massive strata effects result in higher loads and rates of convergence being 
observed on the shields.  
14 
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Figure 7. Massive Strata Effects (Medhurst, 2014) 
 
Shen et al (2013) conducted a study into weighting events at the Austar Mine, where they 
identified that weighting events are a major hazard for longwall operations and can result in 
significant production delays. Weighting events typically cause dynamic loading of the 
longwall supports beyond design capabilities, which can damage the support system and in turn 
compromise face and excavation stability. The effects of weighting events are generally more 
severe when they are the result of massive strata conditions (Frith and Stewart, 1993). 
According to Frith, Thomas, and Hill (2000), weighting events have been known to cause 
abnormally high abutment loading on chain pillars, tailgate stability issues, excessive rib spall 
and roof falls. It is essential to understand the source of weighting in order to predict the severity 
and potential impacts on face and gateroad stability.  
3.4 GATEROAD STABILITY 
Gateroad stability is an essential aspect of a safe and productive mine. This is influenced by a 
number of factors including but not limited to stress distributions, mine layout, geological 
structure and loading conditions. As the longwall panels retreat past the gateroads, stress 
conditions change. The most sensitive gateroad in regards to stability is the tailgate due to the 
fact that it will experience the most varied stress conditions before it reaches its final state. 
Consequences of tailgate instability include a disruption to the mine ventilation system, 
disruptions to production as a result of conveyor belt damage and potential longwall downtime.  
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Firstly, gateroad stability is heavily controlled by the roadway’s orientation to the in situ 
horizontal stresses. Initial roadway driveage causes stress changes in the rock mass such as 
softening and redistribution of the stress field. The level of softening of the roadway will 
influence the level of support and the extent to which horizontal stresses will impact the final 
stress state of the roadway (Tarrant, 2003). According to Tarrant (2003), there are three major 
stress conditions that will influence the stability of a tailgate: 
1. The elevation of vertical stress during longwall extraction when the roadway is acting 
as the maingate travel road; 
2. Changes in horizontal stress as a result of vertical stress changes from the oncoming 
void; and 
3. The potential for a high component of shear stress along bedding planes.  
 
As previously noted, the magnitudes of these varied stress conditions experienced by the 
tailgate will influence its overall stability. In order to determine roadway stability, it must be 
understood what conditions the roadway was subject to during driveage. If loading conditions 
were more severe due to depth of cover or principal stresses, the roadway was likely to have 
undergone more extensive softening which will increase the required primary and secondary 
support. When driving a roadway Tarrant (2003) noted there are three conditions under which 
to do so: 
1. Driveage within a virgin stress field or one modified by prior extraction activities; 
2. Driveage under the influence of adjacent goaf as the maingate roadway; and 
3. Driveage under the approaching longwall as a tailgate roadway.  
 
Driveage under a virgin stress field is the most optimal condition as there are not pre-existing 
stress redistributions that may have weakened the ground for the roadway. In optimal mining 
conditions the maingate and tailgate are driven prior to the commencement of longwall retreat 
however when development is behind schedule it may cause suboptimal driveage conditions.  
 
In addition to horizontal stress, the chain pillar between the belt road and the travel road is 
largely influential in the stability of a gateroad. This pillar must be wide enough such that there 
will be sufficient support capacity when the travel road becomes the tailgate for the following 
panel. Chain pillar size ensures that the eventual tailgate will be satisfactorily protected from 
the reorientation and intensification of the stresses caused by longwall panel extraction 
(Colwell, Frith and Mark, 1999).  
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During the life of a chain pillar it will undergo a number of load cycles as described by Colwell, 
Frith and Mark (1999), it is understood that collectively, these points will impact the stability 
of adjacent gateroads. The load cycles are as follows:   
1. The first cycle will occur during the initial development of roadways as stress 
redistribution occurs around roadways. 
2. Front abutment loading will occur as the longwall panel retreat is parallel to the pillar. 
3. Maingate abutment loading occurs when the load has stabilised after the longwall has 
passed on the maingate side. 
4. Tailgate loading occurs when the second longwall is parallel to the chain pillar, and 
when the pillar will experience its greatest vertical load.  
5. Double goafing will occur when the pillar has been isolated between the two goafs.  
 
These gateroad loading conditions are important to understand when analysing the causes of 
gateroad instabilities such as roof falls. There is little compiled information from the industry 
on the size of roof falls however, it is widely accepted that the height of roof falls in deep mines 
(up to 500 m) is generally no more than the width of the roadway (Seedsman, 2011).  
 
According to Seedsman (2011), the point of softening or the point of zero displacement on the 
extensometer can be used to estimate the potential height for a roof fall in a roadway. When the 
roadway roof undergoes softening the horizontal stresses are immediately redistributed into the 
higher roof where the rock is intact (Seedsman, 2009).  This degree of softening is dependent 
on the loading conditions previously discussed.  
 
In a study by Peck, Sainsbury and Lee (2013), it was theorised that the major factors 
contributing to stability issues in flat roofed tunnels in horizontally bedded rock are excessive 
beam deflection, poor roof conditions, large scale discontinuities, sub vertical discontinuities 
with the potential for wedge failure and high horizontal stresses. These geological failure modes 
are shown in Figure 8. In high horizontal stress conditions Frith, Thomas and Hill (2000) noted 
that the linear arch theory is the main design theory on which flat-roof excavations are based.   
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Figure 8. Roof Failure Mechanisms (Adapted from Peck, Sainsbury and Lee, 2013) 
 
The linear arch theory accounts for the arching effect of vertical stresses and loads upon 
deflection of the roof beam which results in compressive and tensile stresses being induced 
through the beam and potentially instigating stability issues (Oliveira and Pells, 2014).  The 
main failure mechanisms associated with the linear arch are the formation of a compressional 
arch, buckling, crushing, sliding and diagonal cracking as shown in Figure 9. Buckling is 
generally considered as the fundamental principle behind roadway roof behaviour and occurs 
when there are increased compressive stresses in the roof/rib corners and the centreline of the 
roadway is exposed to tensile stresses (Seedsman, 2009).  
 
 
Figure 9. Linear Arch Failure Modes (Oliviera and Pells, 2014) 
3.5 CUT THROUGH STABILITY 
A cut through in the context of longwall mine design is a roadway driven between the pillars 
that run parallel to the direction of longwall retreat. The mining purpose of cut throughs is to 
18 
__________________________________________________________________________ 
provide access between roadways, controls for ventilation and areas for storage. During the 
process of longwall retreat, stresses will increase significantly on the inbye side of the chain 
pillar due to vertical abutment stresses (Thomas and Wagner, 2006). As such, when the 
longwall has advanced to a stage where the stresses are concentrated over a cut through there 
is a significantly reduced load bearing ability due to the absence of the pillar, with the cut 
through ultimately acting as a region of weakness along the longwall (Frith, Thomas and Hill, 
2000). When the longwall is aligned with a cut through there is no support due to the gap 
between chain pillars as shown in Figure 10. This is the basis for the following theories 
presented in regards to cut through stability.  
 
Figure 10. Chain Pillar Cut Throughs (Peng, 2003) 
 
Frith, Thomas and Hill (2000) found in a study of massive strata conditions that there was a 
positive linking of chain pillar cut throughs with surges in overburden weighting effects. This 
was an accidental finding of the study and was noted when assessing the loading conditions on 
the longwall face under massive strata conditions. It was noted that due to the fact that cut 
throughs are gaps in the pillar sequence that cannot accept load there is increased stress thrown 
onto flanking chain pillars and weighting on the longwall face. It was also suggested that when 
cut throughs are further apart (i.e. chain pillars are longer) there is a more significant surge in 
loading. 
Retreat Direction
pillar loading area
C/T's cannot accept overburden loading
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Furthermore, in a study by Mark et al (2007), roof displacement and stresses on bolts were 
analysed in the roof of cut throughs in underground coal mines showed that as the longwall 
approached the intersection there was a total deformation increase of 20 mm with the height of 
roof movement extending to 4.9 m above the roadway where the typical roadway height and 
width were 2.4 m and 4.9 m respectively. It was observed that the majority of roadway 
deformation occurred when the longwall was 23 m away from the cut through, likely as a result 
of the front abutment zone. It was also noted that the maximum load experienced on the bolts 
occurred during the time when the face passed the cut through. It was noted that the height of 
roof softening exceeded the length of the cable bolts suggesting that the stresses associated with 
the longwall approach were transferred higher into the roof above the bolting pattern.  
 
While this research has shown examples of increased stress as the longwall passes a cut through 
this has not been generalised to multiple cut throughs across a panel or a site. The results of the 
study also suggested that it is essential to understand increased stresses due to the longwall 
approach as it can result in the support no longer being sufficient. While these stresses were 
noted as increasing in the cut through, it was not noted if there were any stability issues present.  
3.6 SUMMARY 
From the literature review, a number of key findings were identified. Firstly, it was noted that 
the main difference between LTCC and conventional longwall stress conditions was that there 
was the requirement for moderate strength coal and high front abutment stresses ahead of the 
face in order to encourage caving and to prevent potentially severe geotechnical issues such as 
face instability, cavities, cantilevering of strata and roof guttering.  
 
Secondly, it was found that both shield monitoring systems and extensometers are commonly 
used in underground coal operations.  In this study, data from the mine’s shield monitoring 
system will be used in order to provide data on loading conditions, pressure changes and 
convergence events. Currently, in Australian coal mines, microseismic monitoring is not 
routinely used but rather is implemented for unique projects or regions of interest to aid in 
developing an increased understanding and as such it will be excluded from this project.  
 
Thirdly, it was identified that there are two types of weighting events: consistent and periodic. 
Findings provided essential information to identify the type of weighting conditions that will 
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be analysed in this project. This is useful in order to identify if weighting is a result of caving 
conditions, the mining cycle or has been influenced by the presence of a cut through.  
 
It was also noted that there has been extensive research on gateroad failure mechanisms which 
can aid in determining the most likely cause of the failure. It has been noted that as the longwall 
approaches a cut through there is increased instability in the roadways however the alternative 
has not been addressed in regards to the cut through influence on longwall stability.  
 
In addition to gateroad stability, cut through stability was analysed to determine the current 
theories in regards to cut throughs’ impact on longwall face and gateroad stability.  It was noted 
that there have been theories that stipulate a cut through’s influence on increased weighting on 
the longwall face and increased movement in the gateroad intersections as the longwall passes. 
These case studies provided essential background to the project and highlighted that there has 
not been a complete study on the influence of cut throughs in regards to ground movement and 
longwall face conditions to date.   
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4. SITE OVERVIEW  
Prior to the analysis, it is important to understand the site conditions that may impact the results 
obtained. Mine geology, mine design and stress conditions are key factors influencing mining 
induced stresses and weighting conditions.  
4.1 MINE GEOLOGY 
The mine is currently targeting the Goonyella Middle Seam (GMS) for extraction which is part 
of the Moranbah Coal Measures. The overburden consists of fine grained sandstones and 
siltstones with numerous coal seams at varying intervals as shown in Figure 11. 
 
Figure 11. Geological Cross Section (PDR Engineers, 2010) 
 
The target seam dips 3-4° with the depth of cover ranging between 60 and 350 m. The seam 
thickness of the GMS ranges from 6-7.5 m. The seam is split into four main ply based on quality, 
brightness and the presence of stone bands as indicated by PDR Engineers (2010) in Table 3. 
There are also two main marker bands as highlighted in Figure 12.  
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 Table 3. 
 GMS Ply Outline (PDR Engineers, 2010) 
Ply Description 
Ply 1 Dull coal with numerous claystone bands 
Ply 2 Mostly dull coal 
Penny Band Pale brown tuffaceous claystone 
Ply 3 Mostly bright coal with dull bands 
Tonstein Band Pale brown tuffaceous mudstone 
Ply 4 Bright closely cleated coal 
 
 
Figure 12. GMS and Overburden geology (PDR Engineers, 2010) 
 
Present in the overburden lithology is a massive sandstone unit. It has been stated by PDR 
Engineers (2014) as having good spanning properties which influences periodic weighting 
behaviour and induces increased loading conditions on the longwall. The thickness variation of 
this unit is shown in Figure 13.  
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Figure 13. Sandstone Thickness (m) Contour (PDR Engineers, 2014) 
 
Structural geology of the area consists of limited thrust faulting in the southern panels. This 
area coincides with increased sandstone thickness so these larger units have likely shielded the 
coal seam (PDR Engineers, 2010). There is also a large thin sill that runs through the GMS that 
is associated with a neighbouring dyke swarm.  There are a number of dykes running along the 
length of the panels which coincide with a normal fault corridor.  
 
A Geophysical Strata Rating (GSR) assessment has been conducted at the mine site with the 
results for above the coal seam shown in Figure 14. GSR is a method of empirically estimating 
and providing a rating for the quality of rock masses through analysis of geophysical logging 
data (Hatherly, Medhurst and MacGregor, 2008). The GSR method considers factors such as 
rock composition, depth change and discontinuities. It is a linear scale and so can be compared 
to the Coal Mine Roof Rating (CMRR).   
N 
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Figure 14. Site GSR Model (PDR Engineers, 2010) 
 
The GSR model of the site shows that when the entire overburden sequence consists of 
sandstone there is a higher GSR. The changes in GSR represent weaker and stronger layers 
within the massive sandstone channel. The ranges of GSR for Australian Coal Measures are 
shown in Table 4. 
Table 4.  
GSR Ranges for Australian Coal Measures (PDR Engineers, 2014) 
GSR Range Description 
0-15 Very Poor 
15-30 Poor 
30-45 Fair 
45-60 Good 
60-80 Very Good 
80-100 Extremely Good 
 
4.2 MINE SITE LAYOUT 
The mine site currently operates a LTCC system with access to the mine coming from a 
previously mined open pit. The mine geometry consists of a 320 m mining face, a cutting height 
of 4 m and controlled caving of the remainder of the seam (2-3.5 m) onto a rear AFC. 
Development involves a 3.6 m high roadway with 0.4 m of coal left in the floor. Mining 
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development is driven to follow the penny band marker horizon. It has been noted that cutting 
through the penny band significantly reduces roof stability and as such roadways are designed 
to cut just above this marker. Figure 15 shows the mine layout with the locations of the three 
panels that will be assessed in the project, panel dimensions and other mine design features are 
outlined in  
 
Figure 15. Mine Layout 
 
Table 5.  
Mine Design Parameters 
Feature Dimensions (m) 
Longwall 8 2068 x 320 
Longwall 9 2604 x 320 
Longwall 10 2292 x 320 
Cut through 5.5 x 40 
Chain Pillar  115 x 40 
 
 
4.3 MINE STRESS CONDITIONS  
The horizontal stress in the Bowen Basin is orientated NNE and is approximately 1.4 times 
vertical stress (Mark and Gadde, 2010). The vertical stress is either the minor or the 
intermediate principle stress. In general, the maingate and tailgate conditions at the mine have 
been classified as good, however it has been noted by PDR Engineers (2010) that higher stresses 
have been recorded in the overlying strata as a result of the unfavourable orientation of 
gateroads to the major principle horizontal stress. However, the use of a coal roof in gateroads 
has dulled these effects as the coal acts as a shield for the roadway.  
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It has been stated that under the stress conditions at the mine site the support is a passive element 
of the system and yield occurs as a result of continuing pressure increases which manifest as 
convergence through the cycle. There is little variation in the convergence rate between leg set 
pressure and yield pressure suggesting that the support load is determined by the amount of 
convergence experienced rather than time dependent factors (SCT Operations, 2014). 
 
During a study by SCT Operations (2014) it was also noted that panel end supports showed a 
reduction in convergence rates and cyclic behaviour as a result of being protected by the chain 
pillars. This is important to note as overall panel trends do not necessarily reflect the conditions 
of the shields near the maingate and tailgate. It has also been observed that there is a 50% 
increase in roof deformations of gateroads when the longwall face is a distance less than 100m 
away.   
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5. ANALYSIS STRATEGY  
5.1 LVA MONITORING SYSTEM 
Longwall shields have transducers which have the ability to measure pressure and shield closure 
amongst other things in real time. This data is presented for analysis using software called LVA. 
This enables the collection, storage and processing of shield transducer data that can provide 
insight into ground conditions on the panel.  
5.1.1 Features 
Key features of LVA that are relevant to this project include the ability to: 
 Map shield pressure and closure across the panel using overlays on the mine plan; 
 Report on pressure and closure data for specific time periods at regular intervals of time; 
 Define “weighting events” by selecting a minimum weighting pressure and a pressure 
trough; and  
 Visualise pressure and convergence changes against chainage for each shield cycle 
across the entire panel.  
Additionally, there were two main parameters of LVA that were utilised for the analysis: 
1. Time Weighted Average Pressure (TWAP); and 
2. Shield Closure per cycle (convergence).  
These parameters were selected as they are key identifiers of increased loading conditions. High 
loading is a major indicator of areas of potential longwall face instability. The parameters 
cannot dictate the source of the instability but will highlight areas for further investigation.  
 
TWAP is defined as the average shield pressure between the initial setting of the shield to the 
roof and the final release of the shield at the completion of that load cycle. While this can be an 
extended period of time, TWAP was selected as one of the most suitable parameters to measure 
overburden weighting as it provides an accurate representation of the conditions during a 
complete cycle. The limit of accuracy of this analysis is per cycle so this was considered 
satisfactory.  
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Additionally, shield closure per cycle measures the amount of convergence the shields undergo 
in each cutting cycle of the longwall. This is an important parameter as it can indicate areas of 
instability that can be missed if only analysing TWAP. Heightened loading may present shields 
consistently at yield pressure. By assessing convergence in conjunction with TWAP, the actual 
behaviour of the shields during yield can be observed and any bias due to manual hi-set can be 
eliminated. For this reason, it is important to analyse shield closure to observe any high 
convergence rates present as they can be indicators of longwall face instability.    
5.1.2 Functions 
There were two main Functions of LVA used for the analysis: 
1. Reports 
2. Load Cycle Maps 
Firstly, the Reports function was used to output shield pressure and shield closure data for each 
cut through across the three panels. This was done by determining the chainage of each cut 
through and the data and time at which the longwall passed the cut through to obtain the correct 
shield monitoring data for the periods before and after the longwall passed the cut through 
location. By determining this period, the function Reports could be used to output the TWAP 
or the shield closure per cycle for every longwall shield at a standard time interval (the time 
interval selected was 1 hour) throughout the period. This would enable the pressure and 
convergence variation inbye and outbye of the cut through location to be observed.  
Secondly, the Load Cycle Maps function was used to identify the locations of weighting events 
across the panels. This function enabled the definition of weighting events and based off that, 
could identify the chainage of every weighting event across the three panels. This data was used 
to determine the extent of the weighting event to observe if it could have impacted shield 
pressure and closure rates in the vicinity of the cut through location. The weighting event data 
was also used to define the weighting interval and observe any obvious correlation between 
weighting event location and cut through location.  
5.1.3 Limitations 
Limitations associated with the analysis method included the inability to remove mechanical 
influence from the shield data set. This meant there was no way to differentiate the changes in 
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shield pressure due to shield setting as well as overburden loading and subsequent shield 
yielding.  
Furthermore, there is no way to determine at exactly what time the shearer was cutting coal at 
the area of interest. There may be a number of hours where the shearer is at the same chainage 
in a cycle however it cannot be distinguished which time is the most critical. Data provided for 
chainage was in the form of production reports so the data resolution consisted of a chainage 
position every 12 hours. For the analysis it was assumed that the last hour that the panel was at 
the specified chainage would be the critical time period and thus used for the analysis.  
5.2 RESULT INTERPRETATION  
In order to complete an effective analysis, the results presented must be correctly understood 
and interpreted. There are a number of features of the mining process that must be interpreted 
correctly in order to conduct a valid analysis. The analysis will evaluate the stability of the 
longwall based on TWAP and convergence results, two key parameters that control longwall 
stability. If the TWAP and convergence are high or rapidly increase, there is likely to be 
increased longwall instability compared to consistent conditions. If the TWAP is very low, 
below the set pressure of 320, there may be irregular roof conditions resulting in the shields 
being unable to set properly.  
5.2.1 Identifying Weighting Events 
Weighting events were defined using LVA as areas of increased pressure greater than 380 bar 
and with a pressure trough exceeding 15 bar prior and following the event.  In addition to this 
the loading rate had to exceed 2 bar/minute in the period 5-10 minutes after the shields set to 
the roof and the number of yields was at least 3 during the set to yield cycle (Hoyer, 2012). The 
high-set pressure of the shields is 380 bar so it was assumed that anything exceeding this should 
result in yielding and thus present itself as a weighting event.  
As previously discussed, periodic weighting events are larger and more severe weightings on 
the longwall face as a result of the caving of massive sandstone units. There are also smaller 
periodic weighting events that occur as a result of smaller caving incidents. The differentiating 
factor between a standard periodic weighting event and a massive periodic weighting event is 
the size of the event and the weighting interval. For example, a standard periodic weighting 
event may occur every 15-30 m while a massive periodic weighting event may occur every 40-
60 m due to the cantilever beam created from stronger caving units (Medhurst, 2014). 
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Consistent weighting cannot be observed from LVA as it occurs continuously and causes the 
caving of the immediate roof above coal.  
5.2.2 Determining Weighting Intervals  
Weighting intervals are the distance between weighting events. This interval was calculated by 
determining the chainage at which each weighting event occurred and then calculating the 
distance between these.  
5.2.3 Identifying Cavities  
Cavities are regions of poor roof that create voids in the overburden which results in the 
longwall shields being unable to support the immediate roof. Cavities manifest as areas of low 
pressure in LVA as the shields are prevented from setting the roof of the cavity. In favour of 
operational performance, the shields follow the same horizon which results in significantly 
reduced overburden loading due to the cavity above. 
The obtained information such as weighting event location, cavity location and weighting 
intervals will be used to determine if there is a correlation between cut through location and 
weighting events causing increased TWAP and shield closure measurements.   
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6. RESULTS AND DISCUSSION 
6.1 INTRODUCTION AND TERMINOLOGY 
To assess the impact of longwall alignment with cut throughs, the changes in pressure and 
convergence were assessed inbye and outbye of the cut through location. This aimed to observe 
any increases in pressure and convergence due to increased weighting as a result of cut through 
presence.  
In order to analyse the changes in pressure and convergence results as the longwall passes the 
cut through location a number of measuring points were devised. These are shown in Figure 
16. There were seven locations selected inbye and outbye of the cut through location. The 
distance between measuring locations was decreased from 10 m to 5 m, 20 m either side of the 
cut through for increased precision in observing any pressure or convergence changes in this 
region.  
 
Figure 16. Cut Through Measuring Locations 
 
The tailgate side of the panel was selected for analysis as it was determined to be more critical 
than the maingate side. This is a result of the goaf presence adjacent to the tailgate side of the 
panel. Goaf cannot support overburden loading so the stresses are redistributed to the adjacent 
chain pillars. This means that pillars on the tailgate side of the panel are less stable than the 
maingate side and so are more susceptible to instability and failure. For the analysis, the cut 
throughs on the tailgate side of the panel were focused on.  
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It has been noted that there is generally a zone of stress relief that extends from the centre of a 
roadway into the adjacent rock. The zone of stress relief will generally cease at approximately 
50 m from the edge of the open roadway (Seedsman, 2009). In order to account for any 
additional stress relief or softening at the cut through location it was determined that the 60 m 
adjacent to the tailgate side of the panel would be analysed. Due to this 60 m being identified 
as the maximum zone of influence of the cut through, there were 30 shields available for 
analysis in this region. These shields were then separated into groups of 5 which provided a 
data point every 10 m across the longwall face on the tailgate side of the panel.  
There are a number of roadways running perpendicular or sub-perpendicular to the direction of 
longwall retreat. A cut through in this analysis has been defined as a gap in the chain pillar that 
extends the entirety of the pillar. This means the analysis will exclude roadways such as 
headings and bleeders. Headings while extending through the entirety of the chain pillar also 
run through the panel itself for ventilation or operational purposes. Bleeders in contrast do not 
extend the entirety of the chain pillar and are for equipment storage.  
6.2 PANEL BACKGROUNDS  
For each panel to be analysed there are unique conditions which may affect the results of the 
analysis. It is vital to address these conditions in order to correctly interpret the pressure and 
convergence results in the study. 
The panel layouts are shown in Figure 17 with the available cut throughs for analysis on the 
tailgate side of the panels. The number of cut throughs analysed for each panel are displayed in 
Table 6. 
Table 6. 
 Cut Throughs for Analysis 
Panel Cut Throughs 
Longwall 8 18 
Longwall 9 26 
Longwall 10 21 
Total 65 
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Figure 17. Panel Layout and Main Geological Features 
 
Longwall 8 
Longwall 9 
Longwall 10 
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6.2.1 Longwall 8 
Longwall 8 was the first LTCC panel operated at the mine. There were panels mined prior to 
this however these were operated under a conventional system. This means that the longwall 
panel adjacent to Longwall 8 will present different goaf conditions compared to an LTCC panel 
as a result of the reduced mining height. This may mean differing chain pillar loading and side 
abutment loading compared to the other panels.  
Longwall 8 was the first panel operated under a LTCC method. This meant that the operational 
methods associated with the caving process had not been mastered and so there was a staggered 
production cycle and potentially less coal caved than in the later panels. This could affect the 
stress distribution around the panel and its stability.  
In addition to the variations in stress conditions there is also a major geological structure present 
in the form of an igneous dyke which is shown in green in Figure 17. This may cause varied 
stress results in the vicinity of the dyke and cause stress redistribution features that may differ 
to the other panels.  
6.2.2 Longwall 9 
There is no major structure present on Longwall 9 with the exception of a stress notch on the 
tailgate side of the panel which is shown in red arrows in Figure 17 . There are also four normal 
faults adjacent to the tailgate which may affect results in these areas however should not cause 
major stress redistributions impacting the entire panel.  
6.2.3 Longwall 10 
Longwall 10 is the most recent panel operated at the mine. This panel has no major structure 
present. There was a massive weighting event however, which caused the shields to become 
ironbound for a period of 54 days. This likely resulted in a massive redistribution of stresses 
and also caused the shield transducers to be crushed which caused a gap in data for this panel.  
As identified here, the three longwalls have varying characteristics in terms of panel layout 
location, geological features and stress conditions. Hence, in this analysis they will be first 
analysed separately and then compared together. The analysis process will involve assessing 
panel TWAP distributions, convergence distributions, weighting event location and geological 
features in that order.  
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6.3 IMPACT OF CUT THROUGH LOCATION ON TWAP 
The first analysis completed was determining the impact of cut through location on TWAP of 
the shields of interest. This analysis involved graphing the pressure variation inbye and outbye 
of the cut through location for every tailgate cut through. This data was then combined to form 
TWAP pressure contour maps across the entirety of each panel.  
An example of the individual analysis for a specific cut through is shown in Figure 18. This 
analysis was conducted for all 65 cut throughs across the three LTCC panels. The graph shows 
the changes in pressure as the longwall approaches and passes the cut through location. The 
legend shows the different data series which represent groups of shields at varying distances 
from the tailgate side of the panel.  
 
Figure 18. Individual Analysis for Cut Through TWAP Variation 
 
This data was collected and then analysed individually initially in order to assess if there was 
an obvious correlation between TWAP and cut through location. It also enabled the assessment 
of the different pressure trends at every 10 m interval across the longwall face in the area of 
influence.  
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6.3.1 Longwall 8 
The combined results of TWAP variation across the Longwall 8 panel is shown in Figure 19. 
This shows the changes in TWAP in the 50 m inbye and outbye of the cut through location as 
well as at the cut through location which has been mapped against the chainage to show the 
variation as the longwall face retreats. These results are overlayed by the cut through locations 
which are identified by the red lines running across the panel. There is a gap in data between 
200 m and 100 m chainage. This is likely a result of a fault in shield transducers and the real 
time monitoring system.  
The first thing that can be noted is that for every cut through location there is not an increase in 
TWAP associated with that region of the panel. This automatically suggests that for this panel 
there is not an obvious correlation between cut through location and increased TWAP. There is 
a notable increase in TWAP approximately every 150 m along the panel. This is likely a result 
of the presence of massive sandstone strata above the panel or a stress build up due to a longer 
cycle time as a result of longwall maintenance.  
It was previously mentioned that the caving interval for massive sandstone is approximately   
50 m; these figures do not reflect this due to the limited scope of the analysis. There are likely 
to be pressure increases at intervals much less than 150 m (Medhurst, 2014) however these have 
been missed due to the analysis focusing on only the cut through locations. These pressure 
increases however are known to cause longwall instability due to enhanced weighting effects 
on the panel.  
These are three instances where the cut through coincides with a zone of increased pressure. 
There occur at 1480 m, 1250 m and to a moderate extent 450 m chainage. This is identified by 
the pressure contours increasing parallel to the cut through. These occurrences may be due to 
cut through influence however it cannot be said with confidence that cut through presence has 
increased the TWAP for Longwall 8.  
There are also multiple peaks in pressure zones which occurs at approximately 40 m across the 
panel. There are a number of possible reasons for this: 
1. Side abutment loading due to the presence of adjacent goaf; 
2. The limit of influence of the chain pillar; and 
3. Weighting events extending from the centre of the panel to the tailgate side.  
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Furthermore, there is a notable lack of overburden loading on the shields in the 20 m adjacent 
to the tailgate drive. This is very likely due to the presence of the chain pillar as well as roadway 
support. It should also be noted that LTCC is not enabled on the 18 m adjacent to the tailgate 
drive in order to protect the tailgate end of the rear AFC. This means that the area is more 
protected and thus less impacted from weighting events. The presence of these protection 
measures may reduce the impact of cut through presence.  
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Figure 19. Longwall 8 TWAP (Bar) Contour Map 
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6.3.2 Longwall 9 
The combined results for the TWAP variation across Longwall 9 is shown in Figure 20. 
Immediately, it is evident from the graphs that for every cut through there is not an associated 
increase in pressure. There are pressure increases along the panel and these are spaced at 
approximately 200 m apart. These pressure increases are likely as a result of the periodic 
weighting due to massive sandstone strata. As discussed previously, it is unlikely that 200 m is 
that actual weighting interval but it has appeared that way due to the analysis being limited to 
the 50 m inbye and outbye of the cut through location.  
There are a number of cut throughs that coincide with increased pressure zones however it is 
believed that these pressure zones are the result of the periodic weighting events. Due to the 
large scale of these events it is difficult to determine if cut through presence contributes to 
weighting effects.  
It is also apparent that the general pressure trend of Longwall 9 is less than that of Longwall 8. 
This may be due to the lack of geological structure present on Longwall 9 compared to 
Longwall 8 which has a dyke present.  
Another key feature of Figure 20 are the high pressure zones at the 40m mark across the panel 
on or adjacent to numerous cut through locations. These localised pressure increases exceed 
380 bar and peak at the 40 m distance then generally decrease to a lower pressure beyond this 
point. This is very likely a result of side abutment loading from the adjacent goaf of Longwall 
8. The peak stress location of 40 m is larger than that of conventional longwall operations 
(Chen, 2016). This indicates that LTCC is likely to result in higher abutment values due to the 
larger mining and caving height. Due to the arching effect, a greater caving height would mean 
higher stress concentrations in addition to increased abutment stress distances.  
While the increase in pressure is most apparent at and near cut through locations this may be a 
result of the analysis only focusing on these regions. It is possible that the side abutment load 
is most pronounced at the cut through location due to the absence of chain pillar support 
however it is also likely that the side abutment load is present along the entire length of the 
panel and this has not been identified due to the limited focus on data at the cut through location.  
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Figure 20. Longwall 9 TWAP (Bar) Contour Map 
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6.3.3 Longwall 10 
The results of the individual analyses for the cut throughs of Longwall 10 are shown in Figure 
21. It is immediately evident that the general pressure across this panel is higher than Longwall 
8 and 9. A large weighting event occurred on at panel at approximately 2250 m chainage and 
this caused extensive longwall downtime for a period of 54 days. As a result, there was a 
redistribution of stresses which is very likely why this panel in general has a high stress 
distribution that the previous two.  
Again, the key feature of this figure is that for every cut through location there is not an apparent 
increase in shield pressure which implies there is not an increase in weighting on the longwall 
face. There are instances where the cut through location coincides with the areas of increased 
pressure however this is not a consistent trend for Longwall 10. There is one major instance, at 
100 m chainage, where there appears to be a pressure increase due to a cut through. This is 
different from other pressure increases as it is limited to the area immediately adjacent to the 
cut through and does not extend beyond 40 m into the panel. This is a significant increase in 
pressure as shield data has recorded approximately 450 bar and is the only case where a pressure 
increase appears to be directly related to the presence of a cut through.  
Similar to the previous two panels, there is a notable pressure peak at approximately 40 m across 
the panel. This pressure peak can be near the cut through location or at a distance from it which 
suggests that the side abutment loading previously mentioned is prevalent when the longwall is 
aligned with a cut through and when aligned with a chain pillar.  
It can also be noted that the higher pressure zones, (greater than 380 bar) generally do not extend 
to the 20 m adjacent to the tailgate. This is likely due to chain pillar presence, roadway support 
and lack of coal seam caving in this area. However, there is one instance between 100 m and 
200 m chainage where a pressure increase extends to the limit of the panel. This could be due 
to a build-up of pressure due to periodic weighting or a slower retreat rate coming into take off 
(end of the panel).  
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Figure 21. Longwall 10 TWAP (Bar) Contour Map 
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6.4 IMPACT OF CUT THROUGH LOCATION ON CONVERGENCE 
Similar to TWAP, an analysis was conducted on the changes in convergence inbye and outbye 
of the cut through location. As previously mentioned, it is important to analyse the convergence 
variation as it can indicate when a shield is undergoing significant yields which the TWAP 
analysis can miss due to the potential reduction in overburden loading support when the shields 
yield.  
 
For each of the 65 cut throughs across the three panels individual analyses were conducted to 
assess the convergence variation 50 m inbye and outbye of the cut through location. An example 
of this analysis is shown in Figure 22. This data was then used to create a contour map of 
convergence variation for each of the three longwall panels. The data was overlayed by cut 
through location in order to analyse any correlations between cut through location and 
convergence.  
 
Figure 22. Individual Analysis of Cut Through Convergence Variation 
 
6.4.1 Longwall 8 
The combined convergence results for Longwall 8 are shown in Figure 23. It is evident there is 
minimal data for this analysis and this is likely due to some sort of mechanical fault in the shield 
canopy transducers which was due to a failure of the shield sensors either at the source or on 
transfer of the information. There are three sensors along the canopy of each shield which allow 
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for the measuring of shield height which can ultimately be used to calculate the shield closure 
per cycle.  
It was noted by Clarkson (2014) that there was a major weighting event that occurred 36 m into 
the operation of the panel. This weighting event was not captured in the results of this study 
however its presence would give an explanation as to how the canopy transducers were 
damaged.  
The results in Figure 23 give limited information due to the large gaps in data. There is no data 
between 1850 m and 1100 m chainage and another gap between 350 and 150 m chainage. This 
makes it difficult to analyse any trends in convergence. The only feature worth mentioning is 
that there is an increase in convergence at 900 m chainage which corresponds to the increase in 
pressure in the same location in Figure 19. 
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Figure 23. Longwall 8 Convergence (mm) Contour Map 
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6.4.2 Longwall 9 
The combined convergence results for cut throughs on Longwall 9 are shown in Figure 24. The 
results of the analysis show that there is not a correlation between cut through location and 
increased convergence for Longwall 9.  
This figure in comparison with Figure 20 which shows the TWAP contours for Longwall 9 
indicates that where there are areas of increased pressure there are also generally areas of 
increased convergence. There are some instances, for example at 2100 m chainage, where there 
is high convergence but low pressure. This is an example of where there is such a load on the 
shields that they cannot support the roof and so yield, resulting in a higher convergence 
measurement but low pressure measurement. 
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Figure 24. Longwall 9 Convergence (mm) Contour Map 
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6.4.3 Longwall 10 
The results of the analysis of convergence for Longwall 10 are shown in Figure 25. While it 
was noted in the pressure contour map in Figure 21 that there was a trend of generally higher 
pressure it cannot be said that there is trend of higher convergence. This suggests that although 
the shields are reaching the yielding limit of overburden loading, excessive pressure is not 
overcoming the shield capacity, hence forcing convergence.  
It is also evident that for every cut through location there is not an increase in convergence. It 
appears that convergence is more dependent on the pressure the shields record rather than cut 
through presence. Locations recorded as having increased pressure in Figure 21 will at times 
correspond to areas of high convergence. This means that the shields are yielding as the 
overburden load increases and they can no longer withstand it.  
There is not as high a correlation between increased pressure and increased convergence for 
Longwall 10 as for Longwalls 8 and 9 which means that shields have not yielded as much on 
this panel as they did on previous panels. It is likely that the set pressure was increased to 
increase the stiffness of the shields to cope with the higher stress conditions of this specific 
panel. This means that since the shields are stiffer they are less likely to converge under a load 
that would typically induce convergence.  
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Figure 25. Longwall 10 Convergence (mm) Contour Map 
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6.5 IMPACT OF CUT THROUGH LOCATION ON WEIGHTING EVENTS 
Following the analysis of pressure and convergence data in comparison with cut through 
location the weighting event locations were defined using the LVA methodology previously 
outlined. These weighting event locations were essential in determining if there was a trend of 
weighting events occurring at cut through locations.   
 
Prior to the analysis of weighting event location in comparison with TWAP and convergence 
results, a simple statistical analysis was conducted on the frequency of the distance between a 
weighting event and approaching cut through and the frequency of the distance between 
weighting events (weighting interval). This aimed to determine any standard ground conditions 
that could be used to define normal conditions. If cut through presence impacted longwall 
weighting it would be a non-standard occurrence and thus differ from any defined trend.  
 
Shown in Figure 26 is a Box and Whisker Plot to indicate the frequency of the distance between 
weighting events for each panel. The mean distance is dictated by an “x” in the centre of the 
box. It can be seen that for each panel the average weighting interval is between 20 and 25 m. 
This suggests that this is the typical distance for strata to cave under. There is a large amount 
of variability in each plot which reflects the variation in ground conditions. The input data for 
this was also obtained from LVA so there is a chance that some apparent “weighting events” 
are not a result of overburden loading but rather increased cycle time or geological structure 
which have caused irregular weighting patterns.  
The distance between the approaching cut through and weighting event location was also 
analysed and the results are shown in Figure 27. This analysis was conducted to determine if 
there is a distance prior to the longwall passing a cut through where weighting events are more 
prevalent. From the results it can be seen that for the majority of cut throughs a weighting event 
will generally occur at less than 20 m prior to the longwall passing. This is likely more an 
indication of the weighting interval rather than the cut through influence on weighting. If there 
was an influence from the cut through presence the box and whisker plots should be shifted 
further towards 0 as, theoretically the closer the cut through is to the longwall face the more 
influence it should have.  
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Figure 26. Weighting Interval 
 
 
Figure 27. Distance between Weighting Event Location and Cut Through Location 
 
6.5.1 Longwall 8 
The location of weighting events can be seen on the TWAP and convergence contour maps in 
Figure 28 and Figure 29 respectively. The red lines represent cut through location and the blue 
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times represent weighting event location. This enables the visualisation of all weighting events 
that have impacted the tailgate side of the panel and see the location of these events in relation 
to cut through location.  
From Figure 28 it can be seen that particularly large increases in TWAP coincide with 
weighting events. This is indicative of the impact of the massive sandstone strata causing larger 
periodic weighting events. There are also numerous other events that do not correspond to such 
large pressure increases however this is likely due to these events being a result of typical 
periodic weighting due to weaker, less massive caving units.  
It is also evident from Figure 28 that there is generally a standard interval between weighting 
events which suggests the occurrence of these events is more heavily influenced by periodic 
weighting rather than cut through location. The first 6 cut throughs that the longwall passes 
have weighting events close to or coinciding with the cut through location. However, it can also 
be seen that these weighting events do not extend to the edge of the panel in the region 
immediately adjacent to the cut through.  
The limited influence of weighting effects may be due to the roadway support in place at the 
time the longwall passes the cut through, in combination with the lower mining height due to 
the absence of caving. The lack of influence of weighting events adjacent to the tailgate may 
also suggest that these weighting events coinciding with the cut through location are a result of 
a standard weighing interval occurring along the panel and are not directly linked to cut through 
location.  
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Figure 28. Longwall 8 Weighting Event Locations on TWAP (Bar) Contour Map 
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Figure 29. Longwall 8 Weighting Event Locations on Convergence (mm) Contour Map 
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6.5.2 Longwall 9 
The results shown in Figure 30 and Figure 31 show the weighting event location overlayed on 
the TWAP and convergence contour maps respectively. By assessing weighting event location 
and comparing to cut through locations it can be seen if there is a trend of weighting events 
occurring at or near cut throughs.  
Figure 30 highlights that for every cut through there is not a corresponding weighting event at 
that location. The large observable pressure increases on the map coincide with weighting 
events which suggests these are a result of periodic effects from overburden loading. 
Furthermore, there are many weighting events that do not correspond to such a large pressure 
increase. These are likely less severe weightings and so are not obvious on the contour map.  
Figure 31 similarly shows that for the zones of increased convergence there is generally an 
associated weighting event. There are a number of zones where there is increased convergence 
adjacent to the tailgate side namely: 2400 m, 2100 m, 300 m chainage. These zones occur 
outside the influence of a weighting event and are not aligned with a cut through. The increase 
in convergence may be a result of geological structure present or operational issues in the 
vicinity.   
There appears to be a standard weighting interval across the panel of approximately 20 m. Some 
events do not satisfy the trend however weighting events may also be triggered by operational 
issues such as longwall down time (Clarkson, 2016). There are a number of instances where a 
weighting event coincides with a cut through namely: 2300 m, 2050 m, 450 m and 180 m 
chainage. On inspection however these weighting events occur at the standard 20 m weighting 
interval of the panel. This implies that the cut through location has not caused the weighting 
but rather has coincidently aligned with a weighting event. In addition, the fact that these 
weighting events do not extend to the edge of the panel is further evidence that the weighting 
event is not influenced by the cut through presence.  
Similar to Longwall 8, Longwall 9 weightings do not generally extend to the 20 m immediately 
adjacent to the tailgate. This suggests that firstly, weighting events are not due to cut through 
presence as they are not immediately adjacent to cut through location, and secondly that 
roadway support measures and chain pillar presence acts as a shield against weighting events.  
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Figure 30. Longwall 9 Weighting Event Location on TWAP (Bar) Contour Map 
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Figure 31. Longwall 9 Weighting Event Locations on Convergence (mm) Contour Map 
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6.5.3 Longwall 10 
The results of the analysis of the impact of cut through location on weighting event location for 
Longwall 10 are shown in Figure 32 and Figure 33 in the TWAP contour map and the 
convergence contour map respectively. The major finding of this part of the analysis is that a 
weighting event does not correspond to every cut through location.  
The weighting events occur at standard intervals as previously discussed. For Longwall 10 this 
is approximately 20 m. It is evident that there are not weighting events at every 20 m along the 
entirety of the panel. This may be due to strata hang ups which may results in larger weighting 
intervals and it may also be that the weighting event does not extend to the 40 m adjacent to the 
tailgate. Weighting events are most concentrated over the centre of the panel so not every event 
will impact the panel edges.  
It can be noted in Figure 32 that in the areas of high pressure there is a weighting event 
corresponding to this which further supports the theory that pressure increases are due to 
periodic weighting not cut through presence. There are a number of cut throughs that coincide 
with weighting events however this is not a standard occurrence across the panel. As previously 
discussed this is likely due to a cut through coinciding with the weighting interval.  
There is one cut through at 100 m chainage however that coincides with a weighting event that 
is likely to have been influenced by cut through presence. This is due to the weighting event 
being localised to the 40 m directly adjacent to the tailgate. This weighting event also has a 
short duration and a high intensity that may come from the longwall having to support itself at 
the chain pillar gap. It is thought that this may be an example of a cut through influence on a 
weighting event and potential increasing longwall instability due to the high TWAP and 
convergence observed in the area. It may also be that cut through influence has aligned with an 
unfavourable redistribution of stresses which commonly affect tailgate serviceability.  
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Figure 32. Longwall 10 Weighting Event Location of TWAP (Bar) Contour Map 
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Figure 33. Longwall 10 Weighting Event Location on Convergence (mm) Contour Map 
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6.6 IMPACT OF GEOLOGY ON APPARENT WEIGHTING RESULTS  
In order to ensure any perceived impact of cut through location on weighting events is correctly 
identified, an assessment of geological features was conducted to assess any apparent weighting 
results due to these features. This involved analysing the GSR of the overlying strata, assessing 
the impact of the massive sandstone and identifying and analysing key geological features for 
each panel. To aid in the analysis modified massive sandstone thickness contours and GSR 
maps are shown in Figure 34 and Figure 35, panel TWAP contours will also be shown again 
for ease of understanding.  
  
 
Figure 34. Massive Sandstone Thickness (m) Contour for Relevant Panels  
 
 
Figure 35. GSR 0-40 m Above Coal Seam for Relevant Panels 
 
 
 
Longwall 8 
Longwall 8 
Longwall 9 
Longwall 10 
Longwall 9 
Longwall 10 
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6.6.1 Longwall 8 
The GSR for Longwall 8 is on average 35 with a region midway through the panel that reaches 
50. This area of higher GSR corresponds to the area where the massive sandstone increases in 
thickness most rapidly. While there are severe weightings that occur during this area as shown 
in Figure 36, the results suggest that this region does not present a higher level of potential 
longwall instability compared to other regions of the panel. This is likely due to the longwall 
consistently retreating towards shallower ground and also in the direction of the thinning 
massive sandstone so weighting conditions are not being enhanced.  
 
Figure 36. Longwall 8 TWAP (Bar) Contour for Geological Analysis 
 
In terms of structure there is a dyke present on Longwall 8 as shown in green in Figure 37. The 
tailgate side of the panel is at the top of the image. It is evident that the dyke is not near the 
tailgate side of the panel so it is likely that this structure has not directly impacted the analysis. 
However, from Figure 36, it can be seen that there are a number of high pressure areas 
exceeding 400 bar. This is likely a result of the dyke causing a lower pressure area which 
redistributes stresses to the rest of the panel and so may enhance weighting which has impacted 
the tailgate side of the panel indirectly. It can however be said that the dyke does not impact 
potential weighting at cut through locations.  
 
Figure 37. Longwall 8 Geological Structure Map (Rotated 180° for ease of comparison) 
 
Tailgate 
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6.6.2 Longwall 9 
From Figure 35, it can be seen that the GSR for Longwall 9 is on average 35 with a peak of 50 
midway through the panel. Similar to Longwall 8, this increase in GSR corresponds to the 
increase in thickness of the massive sandstone and the corresponding increase in unit 
competence. In Figure 38 it can be seen that there is not a dramatic change in the pressure which 
is likely due to the longwall retreating to an area where the massive sandstone is thinner. Similar 
to Longwall 8 it does not appear that the massive sandstone or GSR have any influence on 
apparent weighting near cut throughs.  
 
Figure 38. Longwall 9 TWAP (Bar) Contour for Geological Analysis 
 
In regards to geological structure, Longwall 9’s key features are a stress notch on the tailgate 
side as well as 4 normal faults. These features are shown in Figure 39, where the tailgate side 
is the upper side of the image. The stress notch is represented by red circle and normal faults 
shown as yellow lines. Comparing these features to pressure distribution in Figure 38 it can be 
seen that the stress notch manifests as an area of low pressure at 2100 m chainage which 
corresponds to an area of increased convergence. The normal faults correspond to areas of 
decreasing pressure that rapidly turn into areas of increased pressure such as 100 m and 500 m 
chainage. These pressure changes may be a result of the presence of the faults so could cause 
localised longwall instability.  
 
Figure 39. Longwall 9 Geological Structure Map (Rotated 180° for ease of comparison) 
Tailgate 
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6.6.3 Longwall 10 
The average GSR for Longwall 10 was obtain from Figure 35 and was found to be 35 with a 
peak of 50 midway through the panel. The sandstone thickness was also analysed from Figure 
34 and it was found that where the GSR peaks at 50 there is a rapid increase in the thickness of 
the massive sandstone unit. As with the previous two panels this is not reflected in the pressure 
contour results as shown in Figure 40. 
 
Figure 40. Longwall 10 TWAP Contour Map for Geological Analysis 
 
There is almost no geological structure on Longwall 10 as shown in Figure 41 with the only 
major structure consisting of normal faults that are centralised on the panel. As previously 
shown on Longwall 9 these faults only have a localised impact so it would be unlikely that the 
presence of the normal faults would affect the area of analysis on the tailgate side of the panel. 
The results of the TWAP contour map are consistent and there were no abnormal stress 
distributions observed which are consistent with the lack of geological structure. The lack of 
major geological structure present on Longwall 10 suggests that weighting and longwall 
stability would be most influenced by caving mechanisms.  
 
 
Figure 41. Longwall 10 Geological Structure Map (Rotated 180° for ease of comparison) 
Tailgate 
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6.7 DISCUSSION OF RESULTS  
In all cases it was observed that there was no obvious influence of cut through location on an 
increase in TWAP. It was noted on each panel that there is very high pressure, generally 
exceeding 400 bar at regular intervals between 150 m and 200 m. It was stated that this is likely 
a result of periodic caving of massive sandstone strata. It was also noted that this is not the 
weighting interval of the massive strata but rather a result of the analysis only being limited to 
the cut through location. These large pressure increases would occur at more regular intervals 
(Medhurst, 2014) however this has not been further analysed as it is not in the scope of study. 
It was also noted that the large weighting events may also be caused by longwall maintenance 
downtime as stress can concentrate when the face does not advance for an extended period of 
time.  
For each panel, there are some cut throughs that coincide with areas of increased pressure 
however it is very likely that this is a result of the cut through location corresponding with a 
periodic weighting event due to the magnitude of pressure increase. There was only one cut 
through that appeared to produce a weighting effect and this was at 100 m chainage on Longwall 
10. This weighting was believed to be cut through influenced as it was localised to the 40 m 
adjacent to the tailgate and was a very short duration – it commenced at the cut through location 
and ended immediately afterwards.  
In regards to TWAP, a key finding, although accidental, is that there appears to be a side 
abutment load at 40 m from the tailgate side of the panel which is especially apparent in the 
vicinity of the cut through location. This is apparent across all three panels. This increased zone 
of loading may also represent the limit of influence of the chain pillar. It was noted that while 
the analysis has indicated that the side abutment load is most prevalent at cut throughs, the 
analysis is also limited to data 50 m inbye and outbye of the cut through. For this reason, it 
cannot be said if cut throughs enhance the side abutment load or if it is present at the same 
location when the longwall is aligned with chain pillars.  
Furthermore, from the analysis of convergence it was found that in general, areas of high TWAP 
will also experience areas of high convergence. It was also observed that in some instances, 
areas of low pressure can correlate to areas of high convergence. This is very likely a result of 
the shields yielding due to excessive overburden loading. Since the shields are unable to 
sufficiently support the load, they yield; recording a low support pressure and a high shield 
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closure measurement. It was also noted on Longwall 10 that while there is generally high 
pressure across the panel there is not high convergence. This is likely due to the shields being 
stiffer as a result of being set at a higher pressure to withstand the increased stress conditions 
of the ground after the massive weighting event. 
Following the analysis cut through location on weighting event location it was found that some 
cut throughs do align with weighting event locations. However, it is thought that due to the 
weighting event location not extending to the edge of the panel, that the weighting events are 
strata dependent not cut through dependent. Due to the greater influence of periodic weighting 
events as a result of strata caving, the potential influence of cut through presence on longwall 
stability is difficult to observe.  
The analysis of geological features found that structures adjacent to cut throughs will influence 
the pressure and convergence results at these locations. GSR and the presence of the massive 
sandstone unit did not appear to influence pressure results on the longwall panels likely due to 
the direction of retreat moving into an area with a lower thickness sandstone. Geological 
features were found to be less influential on longwall stability than weighting events however 
more influential than cut through location.  
In terms of differing conditions between panels it was highlighted that Longwall 8 and 
Longwall 9 had significantly higher average TWAP distributions than Longwall 9. The 
convergence data was not as extensive however it was noted that Longwall 9 had a higher 
average convergence distribution than Longwall 10. The high pressure on Longwall 8 can be 
attributed to the presence of the dyke cutting the panel. It is also likely that Longwall 9 presented 
higher convergence rates than Longwall 10 due to Longwall 10 having a higher set pressure 
and thus stiffer hydraulic supports on the shields due to the presence of severe weightings on 
the panel.  
Cut through impact is most likely very localised. Due to the relatively small dimensions of the 
cut through compared to the panel width and caving height there are more influential factors 
that govern the stability of the longwall. It is likely that the influence of the longwall on the cut 
through is greater than the influence of the cut through on the longwall.  
Following the completion of the analysis the observed lack of influence of longwall alignment 
with cut throughs may be a result of an optimal mine design. It has been noted by Hebblewhite 
(2016) that staggering the maingate and tailgate cut throughs can reduce weighting events 
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brought on by cut throughs. The design of the mine in this analysis does have the maingate and 
tailgate cut throughs offset which may have aided in the apparent lack of weighting due to the 
cut through presence.  
6.8 LIMITATIONS OF ANALYSIS
While the analysis aimed to be as accurate and scientific as possible there were two main 
limitations encountered that could impact the validity of results. These included: 
- The presence of mechanical and operational influence in results; and
- The inability to remove extraneous factors to observe only the impact of cut throughs
on longwall stability.
Firstly, in regards to the presence of mechanical influence on the results there were two main 
sources. These were the process of moving and setting the shields to the roof and the yielding 
process of the shields under overburden loading. Both of these processes impact the TWAP of 
a cycle. For each cycle there is a set and a yield during the cycle. The set process is not always 
simple and can be minutes of adjustment where the shield is recording a lower support pressure. 
During the yielding process the shield may not be recording the load the roof is actually placing 
on it. If the shield is not strong enough to withstand a severe load it will yield rapidly without 
supporting the roof, this means that a lower than actual value for pressure is recorded. 
Furthermore, the analysis did not consider longwall stoppages which can influence overburden 
loading results. It would be useful to include this in LVA for increased clarity in results.  
Secondly, it was extremely difficult to observe the impacts of cut through presence due to there 
being more influential factors on longwall stability, namely periodic weighting. With a 
weighting interval of 20 m it is difficult to observe the sole impact of cut through presence 
without the analysis being distorted by influences from periodic weighting. With the results so 
clearly showing the large impacts of periodic weighting it is difficult to observe the minor 
influence a cut through may have on the panel stability.   
It was stated in the discussion that there is likely a greater influence of longwall alignment with 
cut throughs on the cut through itself than on longwall stability. This analysis was unable to 
confirm this due to it being limited to shield monitoring data. Should extensometer data and in 
situ stress measurement data be used, the influence of longwall alignment with cut throughs on 
the cut throughs themselves could be analysed.  
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7. CONCLUSIONS
The study aimed to determine if there is a quantitative impact on longwall alignment with cut 
throughs on weighting events and longwall stability in order to aid in ground control 
understanding to enhance mine safety. Cut through presence has been previously noted to 
enhance overburden weighting effects and since they are essential in longwall mine design it is 
important to understand potential impacts of mining past these locations. The study used shield 
monitoring data to compare against cut through location, weighting event location and mine 
geology to determine if there is a correlation between longwall alignment with cut throughs and 
weighting events. The key findings of the study were: 
- There is no quantitative correlation between longwall alignment with cut throughs and
increased shield pressure and convergence at the mine site;
- Periodic weighting event location is more influential on longwall stability than cut
through location;
- Cut through location may present increased shield pressure and convergence results
however this is likely a result of the cut through location coinciding with the weighting
event location and cannot be considered a standard occurrence;
- There appears to be a side abutment load at a distance of 40 m from the tailgate side of
the panel; and
- Chain pillar influence in combination with roadway support measures and the absence
of caving adjacent to the tailgate may reduce the observed impact of cut through location
on longwall stability.
The findings of this study are applicable to mine safety as they suggest there is not an increased 
likelihood of longwall instability when longwall mining approaches and passes a cut through. 
It was noted in the analysis that the staggered cut throughs between the maingate and tailgate 
may have reduced cut through impact at the mine so this is recommended. The results of the 
study hold true for the site under analysis and have improved the understanding of cut through 
influence. These findings can be used in mine design and geotechnical applications for mine 
sites with similar geological and weighting conditions.  
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8. RECOMMENDATIONS
Upon completion of the study, a number of recommendations for further work have been 
developed. These include: 
- A similar analysis should be undertaken using data from multiple mine sites to confirm
the absence of influence of cut through location on longwall stability;
- A similar analysis should be undertaken at conventional longwall operations in
combination with LTCC operations as it has been noted that there is reduced weighting
in typical caving environments compared to LTCC operations so cut through influence
may be more easily observed;
- Conducting an assessment of side abutment loads when the longwall is aligned with a
chain pillar compared to when it is aligned with a cut through;
- An assessment of the influence of maingate and tailgate cut through staggering to
determine if alignment of cut throughs on either side of the panel will enhance weighting
effects; and
- Conducting a numerical modelling analysis in conjunction with shield monitoring data
and roof extensometer data to determine the influence of weighting events on the cut
through roadway itself.
Should these recommendations be followed through, it would enable a more definitive answer 
as to the impact of longwall alignment with cut throughs on weighting events and ultimately 
enhance underground coal mine safety.  
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